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(54) TiUe: PROCESS FOR PRODUCING COPOLYESTER 



(54)«Ma)««i: Jtfi^7KUXX7^;KZ)±jSj5^ 



(57) Abstract: Process for producing a copolyester of desired quality at low cost with high productivity, preferably a process for 
producing P(3HB-co-3HH) of 4 mol% or more 3HH content with a productivity as high as 40 g/L or more. In particular, a process 
for producing a copolyester of 3HB and 3HH comprising culturing a microorganism with the use of, as a carbon source, a fat or oil 
containing lauiic acid as a constituent fatty acid under such conditions that phosphorus as a source of nutrition is limited. 
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10 m^*T-l31. ^#<(7)1^^i^JC*3V^T. bTJJ^y^;^-^ 
mm (UT. P (3HB) tm-T) -t?fc5o P (3HB) {if^WM14]^5>^^-e$> 
i: bTJ^B ^tLTV^So b/O^b. P (3 HE) nl^^m^l^\f^fcib. m< 

^(D^X^ 3-tKn=¥txm^ (3HB) ^ 3 - k Kn =3{..>'^^^ (^-[c^ 3 
HVirB&i-) d=»e>J^iS*m'a'#:P (3HB-CO-3HV) . *5 J;TJ?^<^^3t:*' 
jfe^aSW^^ttfc (#IBHS5 7-1 5 0 3 9 3-^-^^s 4#WBH5 9-220192 
20 «^^¥l 1-5 0 0 0 0 8 „ ^K^P (3HB-c o-3HV) 

«s P (3HB) l::it-<5i:m^14l-mtffcJ?). l|•IJ[^:v^ffli^^c^5:ffiT'# ^ 

rtbe>(^4#l^:S:ifcle:*5ttS*m^#^P (3HB-co-3HV) (?53^3g:*r?fefi, 
tJ^^OP (3HB) ^^T'^** 
25 fcfiy ^-^^JPSbT^ifci^lt^^U *fi##:^i!i5ti-§t><^)l?fc§o 

^:^P (3HB-CO-3HV) {J:oV^T}i> 3 H VO-^W^;aSii;t S tClotL 

57-150393 -i-<2?#^4#MBS 63-269989 
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-:t—ji-^mmv. ^fih(Dm^'p^<Dmi}u&^^x.^:Ltiz.xy) p ohb- 

CO-3HV) fp(D3HV<D^^^^m"M\^Xi3X)^ 3 HV-g-^^^^S i 0 ~ 9 0 
inol%(DP (3HB-CO-3HV) :05®I5t$ ^fCV^^So 

b/5=>b;^cC;aSb> M^(Ot:i^P (3HB-CO-3HV) (*^<D3HV^>t^ 

^(DX^fi:VtUT. ±7&(D3HBt 3HV(D*m-^^*:(7):5^,-^^;^7/^— t 
^g6<Jirb. 3HB i: 3HVJeJ^r?1><Dt KP=arix^, -BSJx.Wts 3 - t Kn ^ev^-i/p 
10 l^;a-i^m (J!^AT^ 3HP^B&-r) . 3-fc KT3'¥v''^'3fi?->'^ (JBi^T. 3HHa: 
|i|&-t-) , 3-\i ]^X2^z^:t^ BHOtmir) , 3-tKn^-:/y 

(^Ts 3HNi:IB&-t-) ^ 3 h^u^z^T'i^^^m 3HDi:Iil&-r 
) , 3-t Kn^;XK-r;;57i^i& iUT. 3 HDD iriH&t-) LT 
^t^^M^^V ^:^T/l-i!)^^:tfm^m^^nX\f^^ (Po i r i e r Y. , N 
15 awrath C. .Somerville C, BI O/TECHNOLOG 
Y, 13, 142-150, 1995 <¥)o 

■^(O^X'h. lSE.M't^^h(Ot\^X. 3HB^ 3HH^^tf*fi'^7Ky^;^v" 
/K #i3:3HB i: 3 HH 05^9^:0^5) ^i^^fi'^J!^!;^;'^ 7" /V'P (3HB-co-3 

HH) i:. ^(omm:^m\^-:>\f^x(om^i!>^h^ mmw-5- 9304 9#<2f#. 

20 mmW-7- 2 6 5 0 6 5-^<iir#) o e>«l#fF:fi:i^(^) P (3HB-co-3 HH 

^tfai ( Aeromonas c a v i a e) ?I^>^V^T^ i^^^oaiJ!^^ 
p -y:;^-^ /^^<^?ftJ3g*^ e>l§^4fem-t-S h(DXh^o 
*fc. P (3HB-CO-3HH) <DttStJ:M~r5W%^>?'ce $tl.TVN§ (Y. 
25 Doi, S. Kitamura, H. Abe, Macromolecules 
28, 4822-4823. 1 9 9 5^) „ :L(D:Scmxni^m^il)t 1 2m&s±(D 
mmm^m-'(0^mmt\^X. r^n^'r:^. - ^^\f=t^ (a. c a v l a e) «r 
it^b. 3 HH-^^^/JS 1 l~ 1 9mo 1 %OP (3HB-co-3HH) 
^^mb-CV^So ^<^^mx :iOP (3HB-CO-3HH) tt. 3HH-^W^ 
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p (3HB-CO-3HV) ^±m^^^^^7fi-r:Lti>m 

i^fc^ r^n^-^x^ • ( A. c a V i a e ) (D-^]) t Kn=3ei/T/^:^ 

5 (PHA) iyi^'^—^m^^^ii^ ^—=-^^1^1^. r(D5tfe^^^> 9 0%iy.± 

(DTify fc Kndri/g&^ (PHB) ^^tg^W^-S 7/^:^ h • ^3-— b n 7 r ( 

R. eutropha) \z.mA\^itmMx.^^m\/^x. mmm^mmmti.xp 

(3HB-CO-3HH) ^^m-t ^n^7!)^^J:^^f^ (T. Fukui, Y. d 
oi, J. Bacteriol. , vol. 179, No. 15, 4821—4 
10 8 3 0. 1 9 9 7^. RXJ^, mm^l 0-1 0 8 6 8 2#^#) » :i(DiS:t^X. 
:t^^>m-rh}) ^J>^^l^mmt-t^::.tX\ 3HH-^W^ASi 0-2 Omo 1 
%(DP (3HB-CO-3HH) ii^^MX^ ^ tm^^flX\^^^o 

15 p (3HB-CO-3HH) <o 3 Hii^mm^M^m^^^^ ^ t-d^m^b 

•A^bt^-ofz. {mm 2001-340078 ^-^kU) o 

4-^. P (3HB— CO-3HH) 3 HH-^W^^J[SV^^ffl-eft#^C=i b 

20 t^h^-^y ^ ^^J>^fJ:i£(0 2^0 -^^^^'&.^^'^-^f^^^<^'^X\ i|ilJ[Sv^5>i^^<^J^;^ 
X^ij^X^taii^h. P (3HB-CO-3HH) (Om:mt^^:^fzM'Bt. Wmtfj: 

^(Dit^m=^:^h(Dmmxh^o m^i-i. mm7r:^tix\,^^\f^-rti(D:^m^^ 

V^■Ct>P (3HB-CO-3HH) (D^M\±i-i.i&< s . SOg/L^^T-fe 

25 5o -^timmmt \^xi±mm^i:^mm^ 1 2^®^^>^_b^oaJK^srl^t-(^^^^!g^ u 

±3^UfcJ:5t-> P (3HB-CO-3HH) ^^:oV^T^i-?:(D 3 HH-^^W 
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5 001-340078 ^<2^^#Ri) „ 

W:J;t)ii5V^P (3HB-CO-3HH) (D^mt^SrW 0*b<fi. ^(D^M 
^^^^Vfj:i)^^. 4mo 1 %JeA_h<D3HH'^^^^Wi-6P (3HB-co- 
3HH) <^)^^:a^pXt§i:-rs;^^£(7)|g^:6S#M$;3^TV^fc„ 

10 

;*:^0j(i. ±iEm5i^t-M^> i&^:^hx\ m^^^m^^mmrt^p (shb- 
CO-3HH) (D^m:^m^mmir^i>(Dx^^. jg^^b<{i. ^(o^mi^^m 

^b/jt;55f3^ 4mo 1 %eAJL<^3HH-^=ir^SrWi-5P (3HB-co-3HH 

ufcMm. p (3HB-CO-3HH) ^mm-T^n^m^. ^mti:mm^mm 
mtb^^^momwn, w^^i^^m\f^x. p (3hb-co-3hh) ;^£if<D. 

om4%£j^±tJ:PS^-t-6::art3:J: i9> 3 HH-^^^^s^^ b< 4m o 1 %eA_h 
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o - 3HH) tj:if(D^y-^^::^:=^iy h ^ UT3HB 3 HH^-^tf^Jl'^^ V ^ 

bi: bT^^^< i:t>3HBi: 3 HHSr-^tf/Ky ^;^7"/^T'fc > 3HBi: 3HH 

^i/fi:LTfi. 3HV, 3HP> 3 HO, 3HN, 3HD, 3HDD^>6S^lf 
15 bttSo 3HVf^ifO^^O;^|g^(Z);^^mS:i#0^/-v-:x^5, 

20 ^m^ttS^a-a-^y ^:^-r/^i! UTii, 3HBi 3HH<D;^A;6^bJfeaP (3H 
B - c o - 3 HH) LV\ 

*^l^<^>^m:;^&^ffiv^5 i:^ J;5*m'a'7Ky ^;^x/K^>^attf^x 
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^H^c^^i^^. mw(o^temm m^^iFo. atcc^) iJi^te^^rvN 

T/l-;^!;y^>;^ ( A leal jgenes) ffi. ^jU^h:^T (R^ 
5 1 s t o n i a) Mn T^^^i~y^ ( Aeromonas ) JIn v^^l— K^-:^;^ 
( Pseudomonas) J^^ ^i^a: y 53fT ( Escherichia) M^J^ 
if(Dmmm^^mir^:itilim^^f>^. 7)V7.Yz=.r - =i--Yxi-yr ( Ra 1 s 
t o n i a eutropha ) ^^;^-r 5 ^ i: bV^o 

15 ±fB#^ i: i: LT f*. T/^;* U ( Alcaligenes) 

JSn 7/^^ h^T ( R a 1 s t o n 1 a ) M> T^n'^E-^-:^ ( Ae r omona 
_sj v'a.— K^-^P^ (Ps eudomona s) cui/'cc JJ :3fT ( Esc 
h e r i c h i a) JSi^<DJNB0«^ffiV^;5 ;i ^ S„ 

20 -a-^^itfe^i bTf*^ #t^P5^$nJ^^V>;6S, T^n^-^;:^ '^^^^au (A e r 
omo n a s c a v i a e) J: t) ¥il^tT/fcjt^^^:6S^f ^ U< . #^J;t}i#PB¥ 

10-10868 2■^^#^^:fS«$nTV^5atfe•^®f;^-^^^v^5:l^:&5-c#So 

25 ;2|s:^BJtCffiV^fe^5^^^<^— LT. -7/^;=^ h^T • ^.^ b n :7 t (R^ 
1 s t o n i a eutropha) \Z.^ T^^xi^-f-:^ . ^^Ifa:. ( A e r o m 
o n a s c a V i a e ) ft 5|5<^7K y J^;^7"/^*'a'S^*3t^^^#A bfc. Ra 
Istonia eutropha PHB-4/pJRDEE32dl3t^ ( 
T. Fukui. , Y. Doi. , Appl. Microbiol. Biote 
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chnol. , 4 9, 3 3 3-3 3 6, (1 9 9 8) ) * b < fflV^;5 ^ i: ;55 
"T?#6o r.<DR a 1 s t o n i a eutropha PHB — 4/pJRDE 
E 3 2 d 1 3^S^^:i^ A 1 c a 1 i g e n e s eutrophus AC 3 2(7) 
PERM B P - 6 0 3 8 (D^f^^^KX . sp^ 9 ^ 8 ^ 7 0 0 
5 :^m^mW^-^ < i-i^M 1 T B 1 1 1^^^ 6 5 m^fTj^feAm^S^^-^ 

p (3HB-CO-3HH) jdPSfe-f. —mm-cm.^m\z.i.^i^3=^:^7-fV(o 
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7^mm^h\:i^<:>X. mm^mmi^itM^CDP (3HB-co-3HH) (D^ 

iJi^sv^xy >^<Sr^J|5Bi-5i:V^9 0i*s :/jm^^^^< '^*3^,^v^i:v^ p 

10 ^i?{*;fc<. mM\^'J^^mk^fl^m^mtvx<DV'^^l>^M^m^■^i^x\f^^t\^^ 

15 ^$tb55^^?fim. :Lthb(Dmm^i^m\^xnhn^^m^. m^fimmit^m 
m^mi^m^xit. mm(Dm}^m^mt\^x9^v:^mt:^^-t^mm. m^tt. 

mm^ih^^h^^f-^n^mit^m^^mi^xy ^ v ^^m^&^x t> m^^ftmrn^ 
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7^mm(D^m^^v ^^"r/ucD^Mia^. ±m^mmtvx. mmnmmi^^ 

LTf±. 1 OM»%£;-h;55|{jf^U<. 2Om*%eA±:6Sj;l9 0^LV\ ^ftfllOs^ 
^^S-tt^^fi^^bT, 4mo 1 %e;±(D3HH^W^^Wi-5*m-a"5i<y 

ispj^o^f^^^^j:j:tL{i. ~mi^^m\^m:huir^t. mmm^(D07i<.mmm^ 
15 i^ii>mm^mk\m^^t7!iih^o vitt^^x. mmmxh^mmn^mvxa^ 

*liM#e)<o^f^^^mJJ:J;tt{^. 5lc:bTf^«? :Lt.fifz.^^ Yy^^^Vi 

xm.mmw^m\^fz.i^m\zm^xh^^mmx^ 5 r t ;as|i^.$nTv^5o 
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y fc6V^tt, :l^b;lrM•a'bTffiV^^#■a'^i^ 4~2 0mol% 

OJti{e6^i^V^3 HH^^^Sr^-r^ P (3HB-CO-3HH) -dmhtl^o ^ 

tzm-^m^m\/^t^m'^i±. i omo i %eAT<^iti5!6t^isv^3HH'^w^<DP o 

HB-CO-3HH) ^^MX^^o 
*fc. ^ti.bM'a'?fiSr^ffiU ^(^M-a-JtlErpm-rsr i:lcj;oT=BI^J!gM^ 

15 3HB-CO-3HH) 4 0 g/HJA±<7)i9Jf^mi4^mitUJ^i:a5 P,-t0X*# 

w^^<DmmtKSttt. ■^(Dm(o^'^'^mts:mmxhtitt^\^^7!)K 2o~4o'c 
20 mjt. b<. <}:«9$f*b<fi25~35 "cTfc So mm^m t uxft. ^{c^ijps 

fi^&V^:6^ 1^7 Bm.mX^<. ^ b < {i4 0 ~ 7 0 ^rBl"e*)5„ 

^:^T/\^^mi^mX(D:^mmXff'? h<DXh^o :^V^:^'r/l'^mM 

mx(D:^mm'Dm\^. mi^^h^um^xmM^^x^<fc)^iz, iim. mmm 
^^mm.^n±j& t mm(D ^(D^m^f^^^Lt :a^x^ . :itihmmx(Dmmmtn 
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10 ;^7"/i-5S:tt^$-*So mm-^m'\^-^m^^^<>x±m.?^m^^^\^. m,m^'^x^ 



15 m^<OWi^'fiM'^ 

mitt. HJSMl. 4. 5S.tJ«ittfe^?!ll l-*3lt6?fia<^^*P''-^i5' — :^Sr^i-:^ 



^ h mmm ^ <^s^if ^ ps^-t- s t> <z> x* « v ^o 

Ralstonia eutropha PHB - 4//p J RDE E 3 2 d 1 
3W iT. Fukui. , Y. Doi. , Appl. Microbiol. Bi 
25 otechnol., 49, 333-336, (1998)) (iJ;lTR e d 1 3 

mtmiTo ) ^^(DX^\zmmi^ito t^^t^, ±iBRe d 1 3*5^^. ±m\^itxo 

Alcal igenes eutrophus AC 3 2<D^fe#-C^ PER 
M B P-6 0 3 8CD^fe^#l;iT. ¥^9^8^ 7 0#T% 0 7|s:|S^^^jfto < 
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mMM<Om.0.i-t^ lw/'v% Meat — extracts lw/'v% Ba 
cto— Trypton^ O. 2 w/ v% Yeast — extracts 0. 
Qw/v^/o Na2P04-12H20 , 0. 15w/v% KH2PO4S pH 
5 6. 8 t LfCo 

mim^^M<Om.^n^ 1. lw/v% N a 2PO4 • 1 2H2O, .0. 19w 
/v% KH2P04> 1. 2 9w/v% (NH4) 2SO4S 0. lw/v% 
MgS04-7H20. 2. 5w/v% AW:^ V'-f 0. 5v/v% 

m*^JS«i:^?K (0. INit^JJll. 6w/v% FeCla-SHaO. 1 
10 w/v% CaCl2-2H20, 0. 0 2w/v% CoClg-BHaO^ 0. 
016w/v% CuS04-5H20s 0. 012w/v% NiClg-eH 

jjf y :t;;<.X/^^0:^Ja<^5^^{i> 0. SSSw/v^/o Na2P04-12H2 
0. 0 6 7w/v% KH2PO4S 0. 2 9 1w/v% (NH4) 2SO4 
15 ,0. lw/v% MgS04-7H20, 0. 5v/v% W&'^^MMW. 
(0. lNii:^tz:i. 6w/v% FeClg-eHaOs lw/'v% CaC 
l2-2H2 0s 0. 0 2w/v% CoCla-SHaO^ 0. 0 1 6 w/ v % 
CuS04 - 5H2OX 0.01 2w/'v% N i C 1 2 • 6 Hg O Sr^id^ bfc 
t>(^„ ) s 0. 0 5.w/v% B I OS PUREX 2 0 OK (?i?!a5|IJ : 3^^^ 
20 v'-Y/N-^^yiS^) t LfCo 

R e d 1 S^O^y-feP— b (50^1) SrSit^ (1 Om 1 ) 

v^tb^MD L-500M) teio. 2v/v %wm bfCo 

{i> 3 0°C. mW^^m 5 0 0 r p m. 1 . 8 L/^i: p Hfi 

25 6.7 — 6.8 ©fe^T- = h n — /H.?^i b 2 8 ^Fali^^ bTit^a-S:Sr#fCo 

^ (^g^-<'r;^^>'i>^fcMMDL- 1 0 0 CM) sreia^icUs ^n^etiK^im 
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:ka.m. ^mm. mmm. ^^—i^m. ^<—j>,w:i-u^i^m. m^^m. -Y-ym^ 
iig<^«s^iDft (m 1 ) %^^o aite^#fi. mmm.m2 st:. ^#)i^4 o o r p 

ii^»3. Q-L/^tX^^ pH{i6. 7~6. 8 (^fslT'^ V ^ n— /I^bfCo 
p H 3 V h n —Mz.Vt 1 4 %7K®^fbT ATK^^tr^ffi Ufc„ 6 0 

xmrnrntm^ Oval \^fi:^-^x*w^m. m^omi (o^^'^>'^^^\z.mx.^ 

°CT^3 0#r^X^|fci!^Ufco 7^/1-0*4 ^SU^b. ^WP^(D-!^3 =^y^ 

#e>*T/fc|£j^xKy3i;^-7"/PJ^2 0mg{::2m 1 /i^jl^ (15 

:8 5) ^ 2m 1 0^nT3;jN/^A<Sr^;flPbT^^Lx 1 0 CCCl 4 O^^AOf^ 

^ifegLfco 4in 1 y:rn if/U'cii-7'/w^m;!jp bx J; < ^i-a-bfc^. i^^L-^b 
25 h^D^fife (-^^^) ^i^isbfc, y^y^^^-^hyvyit^mmi^m 

|±MGC-17A. y '-;^;7A«GLi^-l'^i^;^^±Si^NEUTRA B 

OND-1 (;&7A;g:2 5m^ ;?7 7i^l^^0. 2 5 mm^ ?Kl^ffO. 4 urn) ^ 

;^v^fco ?y.^^#{i> ?u^msi 0 o''c~2 0 o''c^x8°c/5^<D3i^T'#^i.^ 

$ jj: 2 0 0 'C— 2 9 0 T* 3 0 'C/:»-©iiST'#i@. bfCo 
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